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Abstract: A virtual laboratory application setup is used to control and monitor 
remotely the operation of several sensor nodes placed at different geographical 
locations. In this paper, we present the design of a generalized, low-cost and re-
configurable smart sensor node using a Zigbee with a Field-Programmable Gate Array 
(FPGA) that embeds all processing and communication functionalities based on the 
IEEE 1451 family of standards with communication taking place through a 1-wire 
protocol. The architecture of the sensor node is based on the single chip concept that 
includes communication, processing and transducer control functionalities.  The 
proposed architecture reduces the physical size, power and increases speedup of 
processing due to inter-module communication. Results indicate the accuracy of the 
proposed system is tested with a temperature sensor which has 1-wire protocol.  
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1. Introduction
A virtual laboratory is a sensor network application where a multiple sensor nodes are placed 
across a large geographical area with the purpose of detecting, tracking, monitoring and/or 
controlling a single or multiple environmental targets using sensor modules. Sensor network 
technology is used in many useful applications such as environmental monitoring, medical, 
aerospace, military and industrial, etc to increase the efficiency [1]. In sensor network 
applications, FPGAs have become popular for designing sensor nodes because naturally, a 




particular environment may exhibit dynamic behavior and as such an FPGA needs to be 
reconfigured according to each dynamic behavior. Hence, the sensing modules require more 
flexibility to design a particular algorithm according to the requirements [2]. The processing 
capacity, reliability of the communication method, accuracy and low power are the other main 
factors that contribute in increasing the performance of a sensing node where the IEEE 1451 
family of standard provides the guidelines to design such sensor nodes [3].  
A sensing node possessing a reliable wireless communication method increases the mobility 
and the applicability in different kinds of applications. Wireless technologies such as the WiFi, 
Bluetooth, WiMAX etc are used to deploy smart sensors in wireless networks using the IEEE 
1451 standards [4]. 
A wireless sensor node is referred to as a Wireless Transducer Interface Module (WTIM).  
The WTIM is comprised of hardware and software, transducer elements (sensor or actuator), 
processor unit; transducer electronic data sheets (TEDS) and wireless communication control 
unit. When a WTIM device has added capabilities such as self-identification, self-diagnostics, 
self-description, location-awareness, time-awareness, data processing, reasoning, data fusion and 













Figure 1. (a) Internal architecture of the WTIM. (b) Timing waveform of 1-wire 
protocol. 
In the proposed design, as shown Fig. 1(a), the wireless transducer interface (WTIM) is 
designed using an FPGA having a number of functional blocks such as Universal Asynchronous 
Receiver and Transmitter (UART) interface block, TEDS ROM block,  main controller block, 
transducer controller block, transducer interface block  and timer block. 
A wireless communication module is connected to the WTIM through a UART interface. The 













on a mathematical calculation is used to extract the received data bit. We selected a baud rate of 
9600 as it is widely used in such applications and works in experimental setups in a reliable 
manner [6]. All mandatory TEDSs for the sensor node are implemented using internally created 
memory cells with an 8 bit data in accordance with the IEEE 1451.0 standard [7]. 
The transducer controller handles signal conditioning and data conversion of the transducer in 
which interfaces such as ADC, 1-Wire, and I2C etc. provide transducer specific functionalities to 
derive a particular transducer. Using a 1-wire protocol, data is transferred serially using a single 
data line with a ground reference enabling us to connect one or more slave devices to the 1-wire 
bus. The 1-wire master device can address a slave device using a unique, 64-bit identification 
number. As a system clock is not used in this protocol, the timing is self-clocked by an internal 
oscillator synchronized to the falling edge of the master. Fig 1(b) shows a timing diagram of the 
1-wire communication which used for implementation in a single chip module [8, 9].  
3. Results and Discussion
 
 
In the proposed framework, the WTIM is implemented in an XSA-3S1000 development board 
which has a Xilinx Spartan-3 XC3S1000 FPGA. VHDL was used as a programming language 
and Xilinx web pack is utilized as the developing tool. We used the DS18B20 water-proof digital 
thermometer connected to the designed architecture through a 1-wire interface to monitor water 
temperature in different samples with a reference thermometer. Experiments were carried out to 
verify the functionality of the interface by reading the temperature (Td) from the DS18B20 
sensor with ±0.1 0C accuracy and HQ4oD portable meter( Tm) with ±0.1 0C accuracy which is 
used as the reference. The results of this experiment are given in Table 1. 
 The temperature measured using the sensor (T ) may not represent the actual temperature 
because every sensor has its own measurement error (δt). Therefore, the actual temperature is in 
between (T + δt) and (T - δt).  The graph in Fig 2 displays possible temperature ranges in which 

























Figure 2.	  Actual range of the temperature 
measurements taken from both sensors.	  
	  
Hex 
Decimal Td Rounded (Td) T(m) 
MSB LSB 
00 F5 245 15.3125 15.3 15.1 
01 22 290 18.1250 18.1 18.5 
01 78 376 23.5000 23.5 23.4 
01 B9 441 27.5625 27.6 27.6 
02 0A 522 32.6250 32.6 32.7 
02 55 597 37.3125 37.3 37.1 
02 7B 635 39.6875 39.7 39.8 
02 BC 700 43.7500 43.8 43.5 
 02 DD 733 45.8125 45.8 45.8 
03 01 769 48.0625 48.1 48.2 
Table 1. Temperature Readings. 
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DS18B20 and the standard meter overlap in every time interval which verifies the accuracy of 
the collecting readings using DS18B20 sensor. 
4. Conclusions  
Through the 1-wire bus interface in the WTIM, we can easily connect any sensor having a 1-
wire protocol. As such, an extra chip is not required for analog to digital conversion. The 
proposed WTIM with a single chip concept saves power, reduces the physical size, equipment 
cost and speed-up the processing task.  A single bus that operates using the 1-wire protocol is 
sufficient to control and operate multiple devices. High resolution sensors having a high 
accuracy provide more benefits for us to design sensor nodes having high accuracy and 
reliability for real time monitoring purposes.  
Acknowledgements 
This research work is funded by University of Sri Jayewardenepura research fund under grant 
number “ASP/06/RE/SCI/2012/06". 
References 
1. Carlos, F.; García-Hernández; Pablo, H.I.; Joaquín, G.;Jesús A.P. Wireless Sensor 
Networks and Applications: a Survey. International Journal of Computer Science and 
Network Security,	  2007, 7(3), 264-273.  
2. Garcia,R.; Gordon-Ross,A.; George, A. D. Exploiting Partially Reconfigurable FPGAs for 
Situation-Based Reconfiguration in Wireless Sensor Networks, 17th IEEE Symposium on 
Field Programmable Custom Computing Machines, 2009. pp. 243 – 246. 
3. IEEE 1451 Standards. http://www.nist.gov/el/isd/ieee/1451family.cfm (25-05-2013). 
4. Higuera, J.; Polo, J. Understanding the IEEE 1451 standard in 6loWPAN Sensor Networks, 
IEEE Sensors Applications Symposium. 2010, pp. 189 - 193. 
5. Song, Y.; Lee, K. Understanding IEEE 1451- networked smart transducer interface 
standard, IEEE Instrumentation and Measurement Magazine, 2008,11(2), pp. 11–17. 
6. Perera, M.D.R.; Meegama, R.G.N.; Jayananda, M.K. A Single-Chip Solution for 
Interfacing Transducers to Sensor Networks Using FPGAs, The 8th International 
Conference on Computer Science & Education , 2013, pp. 201-206. 
7. IEEE Instrumentation and Measurement Society’s Technical Committee on Sensor 
Technology, IEEE std 1451.0-2007: standard for a smart transducer interface for sensors 
and actuators - common functions, communication protocols and transducer electronic data 
sheet (teds) formats, IEEE Standards, 2007. 
8. Maxim Integrated, http://pdfserv.maximintegrated.com/en/an/AN74.pdf (25-05-2013). 
90
9. DS18B20 data Sheet, https://www.sparkfun.com/products/11050 (25-05-2013).
© 2013 by the authors; licensee Asia Pacific Advanced Network. This article is an open-access 
article distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 
91
